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hermaphrodite reproductive tract.
Nonspecific protease cleavage
may not be sufficient, as Pronase
treatment can activate sperm but
these sperm lose their ability to
fertilize eggs [19]. Perhaps the
hermaphrodite reproductive tract
is not a great source of specific
activating proteases but is good
enough to support wild-type
fertility. The effects of crippling
some aspects of the activation
pathway — as in the spe-8 group
mutants — reveal a differential
sensitivity to available proteases
in hermaphrodites versus males.
Sorting out the real differences
between male and hermaphrodite
sperm activation and fully defining
the nature of the components of
the spermiogenesis pathway(s) —
for example, identifiying key
proteases and new sperm
components — are clearly
important tasks. Follow up studies
on swm-1 and the analysis of
other mutants isolated in Stanfield
and Villeneuve’s [14] genetic
screen promise exciting new
insights into factors critical for
reproductive success.
References
1. Singson, A. (2001). Every sperm is
sacred: fertilization in Caenorhabditis
elegans. Dev. Biol. 230, 101–109.
2. Yamamoto, I., Kosinski, M.E., and
Greenstein, D. (2006). Start me up: Cell
signaling and the journey from oocyte to
embryo in C. elegans. Dev. Dyn., in
press.
3. Singson, A., Hill, K.L., and L’Hernault,
S.W. (1999). Sperm competition in the
absence of fertilization in Caenorhabditis
elegans. Genetics 152, 201–208.
4. LaMunyon, C.W., and Ward, S. (1998).
Larger sperm outcompete smaller sperm
in the nematode Caenorhabditis elegans.
Proc. Biol. Sci. 265, 1997–2002.
5. Ward, S., and Carrel, J.S. (1979).
Fertilization and sperm competition in
the nematode Caenorhabditis elegans.
Dev. Biol. 73, 304–321.
6. Kadandale, P., and Singson, A. (2004).
Oocyte production and sperm utilization
patterns in semi-fertile strains of
Caenorhabditis elegans. BMC Dev. Biol.
4, 3.
7. McCarter, J., Bartlett, B., Dang, T., and
Schedl, T. (1999). On the control of
oocyte meiotic maturation and ovulation
in C. elegans. Dev. Biol. 205, 111–128.
8. Kosinski, M., McDonald, K., Schwartz, J.,
Yamamoto, I., and Greenstein, D. (2005).
C. elegans sperm bud vesicles to deliver
a meiotic maturation signal to distant
oocytes. Development 132, 3357–3369.
9. Kadandale, P., Stewart-Michaelis, A.,
Gordon, S., Rubin, J., Klancer, R.,
Schweinsberg, P., Grant, B.D., and
Singson, A. (2005). The egg surface LDL
receptor repeat-containing proteins
EGG-1 and EGG-2 are required for
fertilization in Caenorhabditis elegans.
Curr. Biol. 15, 2222–2229.
10. L’Hernault, S.W. (In Press).
Spermatogenesis. In WormBook: online
review of C. elegans biology, T.C.e.R.
Community, ed. (http://www.worm-
book.org).
11. Shakes, D.C., and Ward, S. (1989).
Initiation of spermiogenesis in C.
elegans: a pharmacological and genetic
analysis. Dev. Biol. 134, 189–200.
12. Geldziler, B., Chatterjee, I., and Singson,
A. (2005). The genetic and molecular
analysis of spe-19, a gene required for
sperm activation in Caenorhabditis
elegans. Dev. Biol. 283, 424–436.
13. Muhlrad, P.J., and Ward, S. (2002).
Spermiogenesis initiation in
Caenorhabditis elegans involves a
casein kinase 1 encoded by the spe-6
gene. Genetics 161, 143–155.
14. Stanfield, G.M., and Villeneuve, A.M.
(2006). Regulation of sperm activation by
SWM-1 is required for reproductive
success of C. elegans males. Curr. Biol.
16, 252–263.
15. L’Hernault, S.W., Shakes, D.C., and
Ward, S. (1988). Developmental genetics
of chromosome I spermatogenesis-
defective mutants in the nematode
Caenorhabditis elegans. Genetics 120,
435–452.
16. Geldziler, B., Chatterjee, I., Kadandale,
P., Putiri, E., Patel, R., and Singson, A.
(2006). A comparative study of sperm
morphology, cytology and activation in
Caenorhabditis elegans, Caenorhabditis
remanei and Caenorhabditis briggsae.
Dev. Genes Evol., in press.
17. Cho, S., Jin, S.W., Cohen, A., and Ellis,
R.E. (2004). A phylogeny of
caenorhabditis reveals frequent loss of
introns during nematode evolution.
Genome Res. 14, 1207–1220.
18. Kiontke, K., Gavin, N.P., Raynes, Y.,
Roehrig, C., Piano, F., and Fitch, D.H.
(2004). Caenorhabditis phylogeny
predicts convergence of
hermaphroditism and extensive intron
loss. Proc. Natl. Acad. Sci. USA 101,
9003–9008.
19. LaMunyon, C.W., and Ward, S. (1994).
Assessing the viability of mutant and
manipulated sperm by artificial
insemination of Caenorhabditis elegans.
Genetics 138, 689–692.
Waksman Institute and Department of
Genetics, Rutgers University, 190
Frelinghuysen Road, Piscataway, New
Jersey 08854, USA. E-mail:
singson@waksman.rutgers.edu
DOI: 10.1016/j.cub.2006.02.039
Current Biology Vol 16 No 5
R162Evolution: Mothers ‘Sign’ Their
Eggs Where Cuckoos Lurk
A new study has demonstrated that African village weaver birds
(Ploceus cucullatus) show less individuality in the appearance of their
eggs when freed from the threat of raising the young of egg-mimicking
diederik cuckoos (Chrsococcyx caprius). This suggests another clear
example of natural selection driving evolutionary change in situ.Sasha R.X. Dall
Evidence for evolution by natural
selection has been at a premium
in the biological sciences. Even
now, with neo-Darwinism firmly
ensconced as the central pillar of
modern biology, a convincing
example of natural selection
generating evolutionary change
always catches the eye. Indeed,
in today’s climate of ideologically
motivated attacks on theteaching of modern evolutionary
biology in certain parts of the
world, science educators can
always use uncontroversial, easy
to explain case studies of
‘evolution in action’. A recent
study by Lahti [1] may provide
such an example by documenting
apparent changes in egg
appearance in African village
weaver bird (Ploceus cucullatus;
Figure 1) populations liberated
from an ancestral brood parasite:the diederik cuckoo
(Chrysococcyx caprius).
It is intuitively appealing to
conceive of natural selection as
requiring changes in the physical
environment of a population.
Symptomatic of this is the iconic
status of industrial melanism in
the peppered moth, Biston
betularia. The rise of the black,
carbonaria form of the moth in
response to changes in the
environment caused by the
industrial revolution in Britain is
probably the best known, if
somewhat controversial, example
of evolution in action. In the mid-
1800s, entomologists recorded
the appearance of carbonaria
peppered moths around
Manchester, and by the end of the
19th century 98% of that
population was black. The
carbonaria form spread to many
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R163other parts of Britain, reaching
high frequencies in industrial
centers and neighboring regions.
It was surmised that this
increase in prevalence resulted
from differential predation of the
ancestral speckled (typica) form of
the moth by birds while
individuals rested against the
soot-stained bark of polluted
trees [2]. Such a view is
corroborated by the observation
that, since the enforcement of
British anti-pollution legislation in
the 1950s, the carbonaria
frequency has declined
dramatically [2], and a similar
story has been documented in the
United States [3]. Furthermore, in
the 1950s, Kettlewell [4,5]
famously showed that speckled
moths suffered higher rates of
predation when released into
polluted woods, while the
melanised morph suffered
heightened predation in
unpolluted woods. Although this
definitive line of evidence is
proving somewhat controversial
at the moment [6], the appeal of
this case study to all sides of the
evolutionary debate reflects how
easy it is to understand and
communicate. Nevertheless,
evolution by natural selection is
also possible in the absence of
changes to the physical
environment of a population.
To evolve by natural selection,
biological variants must replicate
differentially. Where the raw
materials for life are limited, this
generates pools of reproductive
lineages that are in perpetual
competition with each other for
access to resources. As a result,
other interacting lineages
constitute a major component of
the environment to which
individual lineages will adapt.
Hence, it is possible for
evolutionary change to occur in
the absence of physical changes
to the environment. Furthermore,
physical changes to the
environment often generate
selection by altering such biotic
interactions — in the case of
industrial melanism, it is likely that
fluctuating pollution levels only
selected for heritable changes in
peppered moth coloration by
changing the predation efficacy of
local birds [7].Figure 1. An African village weaver bird at a partially constructed nest.
From: http://www.pyasafari.co.uk/fotogalerie/vogels.php (photo: Jan van Duinen).Interactive evolutionary
dynamics between multicellular
organisms and their microbial
pathogens are thought to be a
major factor underlying the
predominance of sexual
reproduction in metazoans [8]. As
microbial parasites can go
through thousands of generations
for every one of their metazoan
hosts, relying on conventional
‘mutation-driven’ evolution alone
would allow the parasites to
adapt easily to host defences. To
stay ahead of the game then, one
host tactic is to differentiate
offspring each generation, both
from parents and from the
progeny of others, to keep
defensive ‘targets’ varied and
moving. Meiotic sex offers a
means of doing this by shuffling
genetic material amongst
individuals within a population
each generation, despite
significant lineage replication-
efficiency costs, particularly when
some individuals (males) only
ever provide genetic material to
progeny [9].
In systems dominated by
coevolutionary dynamics, there
are often significant advantages
to rare tactics, which diminish as
they become common. Indeed,
such so-called negative
frequency dependence arises
both for the prey of visual
predators and the metazoan
hosts of microbial parasites. In
the latter case, as microbialpathogens are often clonal,
strains that predominate at any
given moment are likely to be
limited to being resistant to
common host defences, and so
there is always likely to be a
premium on novel, rare host
immune tactics [8]. A common
tactic adopted by the prey of
visual predators is crypsis — the
speckled pattern of typica
peppered moths is cryptic against
lichens that predominate on the
undersides of branches of
unpolluted trees, where
individuals rest during the day
when avian predators are active
[7]. Such coloration is selected for
because it makes it more difficult
for predators to locate
individuals.
Nevertheless, individual
predators can ‘get their eye in’
and improve their rate of spotting
particular cryptic forms with
practice [10]. But whether such
‘search images’ emerge as a
result of the development of
specific cognitive constructs, as
the term suggests, or because
individuals learn to search
particular micro-habitats more
carefully than others [11], this
widespread phenomenon places
a premium on rare forms, which
local predators are unlikely to
search for efficiently. Moreover,
as cuckoos and their hosts are
also subject to strong
coevolutionary dynamics,often
likened to arms-races, negative
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Brood parasites trick others
into caring for their young.
Cuckoos typically do this by
surreptitiously laying their eggs
in the nests of other bird
species, which provision young
with an appropriate diet.
Obligate brood parasites, such
as the diederik cuckoo, often
evolve eggs that mimic the
appearance of the eggs of
common hosts. This is because a
typical host defense is to remove
any unusual-looking eggs from
the nest when they are noticed
[12] — a tactic employed by the
African village weaver birds
studied by Lahti [1]. It has been
suggested that, in such a setting,
to make it as difficult as possible
for cuckoos to evolve effective
egg mimicry, host females
should ‘sign’ their eggs [13]. This
is because producing variable
eggs maximises their rareness,
making it unlikely that any local
cuckoos will be effective egg
mimics; however, merely varying
egg appearance also creates a
problem for the host female —
how does she recognize her own
eggs to avoid ejecting them? A
potential solution is to produce
eggs that differ from those
produced by others but that are
also consistent for a particular
female — eggs that bear her
‘signature’. That way, whether
the recognition mechanism is a
fixed template coded for by
alleles linked to those
determining egg characteristics,
or if a female learns a ‘search
image’ for her own eggs, she
minimises the risk of mistaking
her own eggs for foreign ones
while gaining a rareness
advantage.
Although it makes sense as a
tactic to cope with brood
parasitism, there is little evidence
that many typical cuckoo hosts
do ‘sign’ their eggs [12]. African
village weaver birds, however,
display high between-individual
variation in egg color and
spotting pattern within their
typical (cuckoo-ridden) range
[14]. And experiments havedemonstrated that individuals will
reject the eggs of other weaver
birds in proportion to color and
spotting pattern differences
between foreign eggs and their
own [15]. Thus, there is
suggestive evidence that ‘egg
signing’ may have evolved in this
system.
The recent study by Lahti [1]
shores up this conclusion by
detailing variation in egg
appearance — between and
within females — in two island
populations of African village
weavers that have experienced
cuckoo-free conditions for known
lengths of time, along with similar
variation in samples from the two
ancestral populations in Africa.
Regardless of whether unique
aspects of avian vision were
accounted for (via
spectrophotometer) or not (via
color chart matching), this effort
demonstrated that color and
spotting patterns had become
more similar for eggs of different
females, yet less consistent for
each female’s eggs, on the
cuckoo-free islands compared to
the corresponding ancestral
African populations. These
changes were more pronounced
for the population that had been
cuckoo-free the longest: the
Caribbean island of Hispaniola,
which had West African weaver
birds introduced on it before the
1790s compared to Mauritius in
the Indian Ocean, which had
birds introduced from South
Africa in 1886.
In this way, then, Lahti [1]
reports strong circumstantial
evidence for the notion that
consistent individual differences
egg appearance can be selected
for by the risk of brood
parasitism by cuckoos, at least in
African village weaver birds.
Indeed, the documented changes
are likely to be evolutionary since
there is independent evidence
that egg appearance is under
maternal control [16], is
consistent over her lifetime in P.
cucullatus [17], and eggshell
color and patterning have been
shown to be genetically
determined [18] and independent
of diet [19] in other bird species.
Thus, it appears that the African
village weaver introductions mayoffer another clear example of
natural selection leading to
evolutionary change. To confirm
this, however, further work must
be done to demonstrate that
consistent individual differences
in egg appearance are effective
in facilitating the recognition of
diederik cuckoo eggs by weaver
birds, at least in their ancestral
range. For, if we can demonstrate
that ‘egg signing’ works as an
anti-cuckoo tactic, perhaps this
will provide general insight into
the role of individuality as a
means of coping with any sort of
parasitism. Further to that, it
would be nice to add another
easy-to-recognize brick to the
wall of evidence for evolution by
natural selection as ‘fact’.
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Man’s activities have increased,
and will continue to increase, the
fraction of the atmosphere
composed of CO2. From values of
about 280 µmol mol–1 between the
end of the last glaciation and
about 1750, atmospheric CO2 has
increased to about 380 µmol mol-1
today, and the value in 2050 will
be about 550 µmol mol–1. Small-
scale experiments show that
these higher CO2 levels increase
the rate of photosynthesis and
plant productivity. Field
enrichments with CO2 also show
increases in plant productivity. In
a recent paper, Norby et al. [1]
report a meta-analysis of four
Free Air Carbon dioxide
Enrichment (FACE) studies on
temperate forests. They conclude
that the primary productivity of
these communities at predicted
2050 CO2 levels is 23 ± 2%
(median ± error derived from
regression analysis) higher than at
today’s CO2 level; however, such
increases in productivity do not
necessarily mean an increase in
long-term sequestration of
carbon.
We need to know how plants
will respond to the inevitable
increase in CO2 over the next few
decades and beyond. Such
knowledge is important in
understanding the influence of
global environmental change on
plants and the biota dependent on
them, and is needed to analyze
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Centre for Ecology and Conservation,sequestering part of the
anthropogenic input of CO2 to the
atmosphere. About half of the CO2
released since 1750 remains in the
atmosphere, with much of the rest
sequestered in the ocean and the
remainder sequestered in
terrestrial ecosystems for periods
of decades to centuries [2,3]. With
an estimated 60% of terrestrial
carbon stored in forest
ecosystems [4], it is vital that we
get indications of whether such
terrestrial sequestration will
continue with further increases in
CO2 production.
We need FACE experiments
because work in growth cabinets
can never really mimic the real
world environment either in
variability or scale. FACE
experiments permit comparisons
to be made between present day
conditions and the predicted CO2
level for 2050 (or whenever) for
natural stands of vegetation.
Initially confined to low-growing
vegetation (pastures or arable
crops), FACE experiments have
subsequently been extended to
forests [1]. FACE experiments
involve a ring of CO2-release
points; points are activated
depending on wind speed and
direction. This enables the
experimenter to maintain the
required mean CO2 level, although
there can be changes in CO2
concentrations of 200–300 µmol
mol–1 over periods of 5–20 s [5].
The results of experiments in
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DOI: 10.1016/j.cub.2006.02.040comparison with the same,
invariant, mean CO2 concentration
showed that the fluctuating
environment in FACE experiments
could significantly under-estimate
the effects of steady increased
CO2 concentrations [5]. There is
also the problem that some FACE
experiments economize on CO2
by not applying CO2 enrichment at
night, although non-
photosynthetic effects of CO2 (on
respiration) may not be as large a
problem as was initially thought
[6,7]. Despite these problems,
FACE is rightly the method of
choice for studying the effect of
enhanced CO2 on terrestrial
communities.
Perhaps the most surprising
outcome of Norby et al.’s [1]
meta-analysis is the consistency
among the four studies in the
degree of stimulation of
productivity by increased CO2.
This similarity occurred despite
differences in tree species,
including evergreen conifers and
annually deciduous dicotyledons,
absolute productivity, soil type,
age of the stand, and local
climate. The independence of
absolute productivity is important:
to the extent that it is imposed
environmentally rather than by
tree genotype, it is consistent with
demonstrations that enhancement
of productivity by augmenting
CO2 can occur even when
productivity is constrained in the
present atmosphere by the
availability of some other resource
[3,8].
Gifford [8] specifically
addressed limitation by water
supply in semi-arid and arid areas,
and by the supply of
photosynthetically active radiation
in the humid tropics, in modelling
the response of global terrestrial
productivity to increased CO2.
Future work could profitably
integrate CO2 effects with the
change from nitrogen to
phosphorus limitation with time
after colonization of ‘new’
